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ABSTRACT
To identify neotectonism in and adjacent to the New Madrid seismic zones, I used
Mississippi River Valley Pleistocene terraces of the Eastern Lowlands as a geomorphic
marker for the evaluation of Pleistocene and Holocene deformation. The Quaternary
glacial and interglacial cycles controlled drainage system in the northern Mississippi
Embayment by cyclically draining meltwater from the retreating Laurentide ice sheet.
The advance and retreat of the ice sheet caused avulsion of the Mississippi River several
times and created the Pleistocene river terraces in both the Western and Eastern
Lowlands. High-resolution Light Detection and Ranging (LiDAR) images of the terraces
were used to construct polynomial surfaces to look for deformation of the terraces. From
the LiDAR Digital Elevation Model (DEM) and higher-order polynomial surfaces, a
tectonic bulge of Lake County uplift, north-to-south tilt of the Tiptonville dome, and
north-south trough on the Kennett-Morehouse terraces parallel to the Bootheel fault were
observed.
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INTRODUCTION
The full extent of neotectonism in the region of the Upper Mississippi Embayment
containing the New Madrid seismic zone (NMSZ) is poorly defined. The NMSZ generated large
earthquakes in A.D. 900 ± 100 years, A.D. 1450 ± 150 years, and 1811-1812 (Tuttle et al.,
2002). The minimum and maximum recurrence rate are 200 years and 800 years, respectively,
with an average of 500 years (Tuttle et al., 2002). There are several compounds, clustered
structural elements found in the upper Mississippi Embayment whose natures are not fully
understood.
The Eastern Lowlands of the upper Mississippi Embayment has known fault zones – the
New Madrid seismic zone and the Crittenden County fault zone (Crone and Wheeler, 2000).
There is also Charleston uplift, Joiner Ridge and Meeman-Shelby fault zone. These intraplate
fault zones have geologic evidence for producing earthquakes in the past (Luzietti et al., 1992a;
Crone, 1992; Tuttle et al., 2002). The New Madrid seismic zone (NMSZ) is currently seismically
active.
River terraces are considered primary geomorphic markers to measure relative
deformation for an area (Rockwell et al., 1984; Molnar and Gipson, 1994; Thompson et al.,
2002). The Mississippi River Pleistocene terraces were used to produce evidence for local
Quaternary deformation in the Eastern Lowlands for this study. The Quaternary Glacial and
Interglacial cycle had a significant influence in shaping the present surface topography of the
Mississippi Embayment. Variation in meltwater discharge and sediment supply from the ice
sheets to the north played an important role in constructing the Pleistocene terraces in the
Mississippi Valley (Rittenour et al., 2007).
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This study uses LiDAR technology to seek anomalous surface deformation on the
Pleistocene terraces and possible correlations with subsurface tectonic elements. The age of the
terraces helps estimate a time range of the tectonic activity. The terraces are formed during
Wisconsin and help understand neotectonism within the last 2.6 million years. This study
provides a means to identify neotectonism using remote sensing technology.
Location
The Eastern Lowland of the Mississippi River Valley is one of the physiographic
divisions of the Mississippi Embayment (Fig. 1). It is bounded on the west by Crowley’s Ridge
and on the east by the present meander belts of the Mississippi River. The northwestern twothirds of the Eastern Lowlands has by Wisconsin glacial outwash and the southeastern third by
Holocene Mississippi River meander belts (Saucier et al., 1994; Rittenour et al., 2007).
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Fig. 1: The location map of the Eastern Lowlands and the earthquake epicenters (1962-2004,
Source- CERI) of the New Madrid Seismic Zone.
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Regional Geology
One of the major tectonic elements in the Eastern Lowlands is the subsurface Reelfoot
Rift, a 70-km wide by 320-km long, northeast-trending rift (Hildenbrand and Hendricks, 1995;
Csontos et al., 2008) truncated by the Alabama-Oklahoma transform fault at its southern margin
(Thomas, 1991; Harry et al., 2003). It extends from northeast of New Madrid, Missouri to
southwest of the Tennessee-Mississippi border. Above the Pre-Cambrian crystalline basement
(Granite-Rhyolite) of the Reelfoot Rift is the Lamotte Arkose, which is the deepest Unit of the
Paleozoic Era (Van Arsdale and Cupples, 2013) (Fig. 2). The Bonneterre Dolomite and the Elvin
Shale sequentially overlie the Lamotte Arkose, and the Knox Carbonate Group of CambrianOrdovician age overlies the Elvin Shale (Van Arsdale and Cupples, 2013). The Paleozoic strata
are 3-km thick inside the rift graben and 1-km outside of the graben (Van Arsdale and Cupples,
2013). The top of the Paleozoic section has a major unconformity and is overlain by Late
Cretaceous sediments (Van Arsdale and Cupples, 2013). The unconformity was formed when a
mantle plume thermally uplifted the area while the North American plate was passing over the
Bermuda Hotspot and stripped off sediments of Ordovician to Pennsylvanian age (Cox and Van
Arsdale, 1997). After passing over the mantle plume, the area cooled and subsided (Cox and
Van Arsdale, 1997, 2002) and accumulated Late Cretaceous and Cenozoic sediments (Van
Arsdale and TenBrink, 2000).
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Fig. 2. The Stratigraphic column of the Reelfoot rift region (Van Arsdale and Cupples, 2013)
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Tectonic History
During the Late Proterozoic to Middle Cambrian, the Supercontinent Rodinia broke
apart, and several rifts formed in the North American plate, which was part of Rodinia (Van
Arsdale, 2009). Some of the rifts failed and remained as aulacogens. One of the failed rifts is the
Reelfoot Rift. During the early Paleozoic Era (Cambrian and Ordovician Periods), rifting of the
plate continued. The graben basins were topographically lower than the surrounding areas and
became the Cambrian seas due to sea transgression and marine sediments accumulated. The
Proterozoic/ Cambrian normal faults were reactivated during several orogenic events from
middle Ordovician to Silurian. The seafloor of the midcontinent was intermittently exposed
during Early and Middle Paleozoic due to sea transgression-regression cycles until the North
American Plate collided with Europe, Africa, and microcontinents at its eastern and southern
margin, forming the supercontinent of Pangea (Van Arsdale, 2009). The formation of the
Appalachian and Ouachita mountains are evidence of this collision. The present Mississippi
Embayment did not exist when the Appalachian and Ouachita mountains were a continuous
mountain belt (Cox and Van Arsdale, 1997). According to the "Hotspot model"(Cox and Van
Arsdale, 2002; Van Arsdale and Cox, 2007), during the Middle Cretaceous superplume activity
the area that becomes the Mississippi Embayment passed over the Bermuda hotspot. As a result,
the whole area was thermally heated and uplifted, creating a northeasterly trending arch, which
was 1 to 3 Km high. The Reelfoot rift faults played a role in the uplift as the basin was a zone of
weakness due to the Cambrian faults. Consequently, this region became subject to erosion. After
the area crossed the mantle plume, the crust beneath it cooled. Since 2 km of sediments had been
eroded off the region when it was high, it then subsided below the surrounding area forming the
Mississippi embayment. As the North American plate moved west, compressive stress
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developed, and the normal basement faults were reactivated during the Cenozoic Era as reverse
faults (Luzietti et al., 1992b; Parrish and Van Arsdale, 2004; Cox et al., 2006). Mafic to
ultramafic plutons with their eroded tops in the rift is the evidence of intrusion during the uplift
(Cox and Van Arsdale, 1997).
Control of Pleistocene Glacial and Interglacial Cycle on Mississippi drainage system
The Pleistocene terraces are preserved as last interglacial meander belts and last glacial
braid belts in the upper Mississippi Embayment. The formation of the Pleistocene terraces was
controlled by glacially-induced changes in meltwater discharge and sediment load through the
Mississippi River during the last interglacial-glacial cycle (Rittenour et al., 2007).
The Pleistocene age has a pronounced contrast between the glacial cycle and the
interglacial cycles that are marked by a shift in spectral frequency in oxygen isotope records
(Shackleton, 1987a). North America had centers of three major ice sheets during Wisconsin with
the Laurentide ice being the most recent. The Laurentide ice sheet formed from three ice centers
and reached its maximum extent near the end of Wisconsin (28-25 ka) (Andrews and Dyke,
2013).
Fluvial dynamics of the Missouri, Ohio, and the Mississippi rivers were inﬂuenced by
variations in meltwater and sediment discharge from the Laurentide ice sheet (Teller, 1987,
1990b, 1990a; Licciardi et al., 1999) and base-level changes from glacioeustatic sea-level
ﬂuctuations (Shackleton, 1987b; Chappell et al., 1996). Major meltwater variation occurred due
to the diversion of meltwater discharge routes between the Mississippi River to the Gulf of
Mexico and the St. Lawrence River into the North Atlantic (Saucier et al., 1994; Rittenour,
2004).

7

Horizontal Stress Distribution
The regional stress field causes the contemporary movement of faults in the Reelfoot Rift
within the crust (Zoback and Zoback, 1989; Heidbach et al., 2008). Because of the absolute plate
motion of North America and ridge-push from the Mid-Atlantic Ridge, the eastern part of the
North American continent is being squeezed by horizontal stress oriented N60˚E (Zoback and
Zoback, 1991). The maximum force in the NMSZ is horizontal and oriented E-W (Zoback and
Zoback, 1991). This horizontal stress field is causing slippage of the faults within the NMSZ.
Frequent micro-seismicity of the region supports the idea of stress and faulting and indicates that
the area west of the right-lateral Axial fault and New Madrid North fault is moving northeast,
and the area to the east of these faults is moving southwest (Van Arsdale, 2009).
Major Fault zones in the Eastern Lowlands
New Madrid Seismic Zone
After the 1811-1812 series of earthquakes, the New Madrid seismic zone (NMSZ) came
to the attention of geoscientists. The NMSZ is a narrow, 300 km long zone of active faulting
(Pollitz and Mooney, 2014). Johnson et al. (2014) divided the NMSZ into four segments (Fig. 3).
The northern and southern segments are northeast-southwest striking, and they have a nearly
vertical dip. These two parts are called the northeastern (New Madrid North fault) and
southwestern (Axial fault) segments, respectively (Fig. 4). They are separated by the northwestsoutheast striking structure of the central segment (Reelfoot fault). The fourth segment, adjacent
to the northeast segment, is called the northwestern segment which strikes east-west (New
Madrid West fault).
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Fig. 3. Focal mechanism of the New Madrid seismic zone (Johnson et al., 2014).
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Fig. 4. Seismicity associated with the New Madrid Seismic Zone (Lei et al., 2014). NMF – New
Markam Fault, CGF – Cottonwood Grove Fault, AF – Axial Fault, RT – Reelfoot Thrust.
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Surface and Subsurface Faults in New Madrid Seismic Zone
The modern seismicity in the New Madrid seismic zone is related to the Cambrian
Reelfoot Rift (Ervin and McGinnis, 1975; Csontos and Van Arsdale, 2008) (Fig. 5), a
northeasterly-trending, 70-km wide graben that has as much as 2 km of structural relief on
magnetic basement (Hildenbrand et al., 1982; Hildenbrand, 1985). The northeast-trending
Cambrian Reelfoot Rift is crosscut by southeast-trending basement faults (Csontos et al., 2008).
Earthquakes occur in the NMSZ in the right-lateral strike-slip faults and the thrust faults of
restraining bend step over zones (Russ, 1982; Chiu et al., 1992; Gomberg and Ellis, 1994; Pujol
et al., 1997; Csontos and Van Arsdale, 2008). The northeast-trending rift faults are still
experiencing Quaternary dextral transpression (Csontos et al., 2008).

Fig. 5. The Reelfoot Rift and associated surface and subsurface faults (Lei et al., 2014). CGL –
Commerce Geophysical Lineament, WRGM – Western Rift Graben Margin, ERGM – Eastern
Rift Graben Margin, RT – Reelfoot Thrust, CGF – Cottonwood Groove Fault.
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Fig. 6. LiDAR image of the Reelfoot rift region (Johnson et al., 2014). CGF – Cottonwood
Groove Fault, BFZ – Blytheville fault zone.
The northwest-trending Reelfoot fault in the central segment is seismically very active.
This thrust fault links the active northwestern side of the rift and the less active southeastern side
of the rift. (Chiu et al., 1992) (Fig. 6). The Axial fault segments the Reelfoot fault into the
Reelfoot North and Reelfoot South faults (Mueller and Pujol, 2001; Csontos and Van Arsdale,
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2008; Csontos et al., 2008). The Reelfoot North and South faults are inverted basement normal
faults (Csontos and Van Arsdale, 2008). The segment of the Reelfoot fault along the Tiptonville
dome has acted as one continuous fault zone across the Cottonwood Grove and Ridgely faults
since Late Cretaceous (Greenwood et al., 2016) (Fig. 7). The Reelfoot Blind thrust (Fig. 8) is not
a planar fault, and the dip of the fault becomes steeper at shallow levels north of the Cottonwood
Grove fault (Fig. 7). The fault abruptly terminates against the northwestern arm of the NMSZ.
There are some strike-slip faults present in the hanging wall, but only one located south of the
Ridgley fault seems slightly offset (Fig. 8) (Mueller and Pujol, 2001). The Reelfoot thrust fault
and another active fault, the New Markham fault (Fig. 4), branch out upward from a blind master
fault that extends farther north at depth (Lei et al., 2014).
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Fig. 7. Continuation of the Reelfoot thrust fault along the Tiptonville dome and the Ridgley ridge
(Top) and cross-section of Reelfoot Thrust along the AA’ line (Greenwood et al., 2016). RS –
Reelfoot Scarp, RL – Reelfoot Lake
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Fig. 8. Structure-contour map of the Reelfoot blind thrust. Solid lines are well defined by
seismicity, and thinner lines are interpreted. The Reelfoot scarp was used as a proxy for the strike
of the blind Reelfoot fault above 4-km depth (Mueller and Pujol, 2001).
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The Axial and Cottonwood Grove faults are located near the center of the Reelfoot rift
(Fig. 9) but do not merge at depth. The Reelfoot thrust fault and another active fault, the New
Markham fault (Fig. 4), branch out upward from a blind master fault that extends farther north at
depth (Lei et al., 2014). The Cottonwood Grove fault shows Paleozoic to Tertiary deformation,
while the axial fault is still active (Lei et al., 2014). Deformation of the Manila High indicates
reactivation of right-lateral strike-slip fault motion along this portion of the Blytheville arch
(Odum et al., 2001) (Fig. 10).

Fig. 9. NMSZ seismicity and interpreted the location of the Axial Fault (AF) and the
Cottonwood Grove Fault (CGF) based on near-surface seismic reflection profile and the
continuation of the AF and CGF at depth and their relationship with crustal seismicity (Lei et al.,
2014).
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Fig. 10. Location of Manilla High and Blytheville Arch (Odum et al., 2001).
Bootheel Fault
The Bootheel fault is a Holocene surface fault with both vertical and horizontal motion
(Guccione et al., 2005). The surface expression of the Bootheel fault is the Bootheel Lineament
(Schweig and T. Marple, 1991). The Bootheel lineament is a 135-km-long feature consisting of a
linear band of sand blows, a clay-filled depression, and truncated paleochannels (Marple, 1989;
Guccione et al., 2005). It is oriented N24°E, extending from southeast Missouri into northeast
Arkansas (Fig. 11). Activity of the Bootheel fault is not evident because unconsolidated Tertiary
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and Quaternary sediments attenuate the brittle displacement as it propagates towards the surface
(Guccione, 2005).
Guccione (2005) suggest that the eastern side of the Bootheel fault has been uplifted ~
3m during three different episodes of Holocene events. They suspect this occurred due to a
compressional pop up at a 1.5-km-wide left-stepping restraining bend.

Fig. 11. Location of Bootheel fault or lineament, Blytheville subsurface arch, and the Lake
County uplift in the NMSZ (Guccione et al., 2005). LCU- Lake County Uplift, BHL – Bootheel
Lineament
18

Crittenden County Fault Zone
The Crittenden County fault zone (CCFZ) is located near the southeastern boundary of
the northeast-trending Reelfoot rift (Fig. 12). Seismic activity in this zone is sparse. According to
Luzietti et al. (1992), reactivation of this zone during the Quaternary resulted in the reverse
displacement of Paleozoic and Cretaceous rocks and flexure in unconsolidated Tertiary
sediments.
The CCFZ intersects the rift boundary at its southern end and diverges from the rift
boundary as it strikes northeast (Luzietti et al., 1992b). Joiner Ridge, a stepover zone,
accommodates slip between the Crittenden County fault zone of the eastern margin of the rift
and the Axial fault (Csontos et al., 2008; Odum et al., 2010).

Fig. 12. The Location of Crittenden County Fault Zone (CCFZ) in Eastern Lowlands. J- Joiner
Ridge, BA- Blytheville Arch, BF- Bootheel Fault, CGF- Cottonwood Grove Fault, RF- Reelfoot
Fault (Pratt, 2012).
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Pleistocene Terrace formation
Drainage System Evolution of the Eastern Lowlands
During the Pleistocene (1.8 Ma–10 ka) with each retreat of the glaciers, vast volumes of
water and sediment flowed down the Mississippi River Valley. The ancestral Mississippi River
flowed down through the Western Lowland, and the ancestral Ohio River flowed south through
the Eastern Lowlands, and they merged south of Helena, Arkansas (Saucier et al., 1994). At the
end of the last interglacial period (85 ± 7 and 83 ±7 ka), the Mississippi River was a meandering
river, and oldest deposit in the Eastern Lowlands is the Paragould meander terrace of this age
(Fig. 13 A). The Mississippi River changed into a braided nature during the Wisconsin glacial
period and flowed through the Western Lowlands from 77 ± 4 ka to 25 ± 2 ka (Fig. 13 B-D)
The ancestral Mississippi River formed a new course through Crowley’s Ridge at the
Bell City–Oran Gap at 25 ± 2 ka ( Rittenour et al., 2007) (Fig. 13 E). This new course of the
Mississippi River flowed south near what is now the west side of Sikeston Ridge and merged
with the ancient Ohio river which was flowing south past the eastern side of Sikeston Ridge. The
Sikeston braid belt (Terrace) was formed between 20 ± 2 to 18 ± 2 ka (Rittenour et al., 2007).
The Mississippi River abandoned the Sikeston level and began to form the Kennett braid
belt (Terrace) from 16 ± 1 to 14 ±1 ka (Fig. 13 F). The Charleston and Blodgett Braid belts
(Terraces) formed to the eastern side of the Sikeston Ridge between 15 ± 1 to 13± 1 ka (Fig. 13
G). To the west of the Sikeston Ridge, the Morehouse braid belt (Terrace) was formed between
12.4 ± 1 to 12.1 ± 0.4 ka by the Mississippi River (Fig. 13 H). The timing of the entrance of the
Mississippi River through Thebes Gap is not clear, but it was fully captured through this gap
after the Morehouse braid belt was abandoned (Fig. 13 I). During the late glacial period, the
Ohio River abandoned the Cache valley route (Rittenour et al., 2007). After 11.3 ± 0.9 ka, the
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Mississippi River switched to a meandering regime and acquired its modern geomorphology
(Fig. 13 J).

Fig. 13 Evolution of the lower Mississippi River Valley from the late Illinoian to the
present day (from Rittenour et al., 2007)
Pleistocene River Terraces in the Eastern Lowlands
River terraces are common geomorphic features that remain preserved as downstream
sloping geomorphic markers on the surface. The evolution of the drainage system in the
Mississippi Valley has produced several river terraces in the Eastern and Western Lowlands (Fig.
14). These river terraces have been mapped as interglacial meander belts and glacial braided
belts (Rittenour, 2004). The braided river terraces formed when the ancestral Mississippi and
Ohio rivers acted as a braided system in response to initial glaciation, and the meander river
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terraces (meander belts) were formed when the Mississippi drainage system acted as a
meandering system during the last interglacial cycle (Rittenour et al., 2007). All these terraces
are of Pleistocene age, and they were dated using the optical luminescence dating (OSL) method.
The braided belts ages range from 64 ±5 to 12.5 ± 1 ka, and the meander belts range from 85 ± 7
to 83 ± 7 ka (Rittenour, 2004).
Meander river terraces
Paragould Terrace
The Paragould channel belt is preserved as a narrow remnant of the old Mississippi River
along the eastern side of Crowley’s Ridge in the Eastern Lowlands (Fig. 14). This Paragould
terrace formed during the last interglacial cycle (84.9 ± 6.8 ka) (Rittenour et al., 2007).
Braided River Terraces
Sikeston Terrace
Sikeston terrace is the oldest braided belt (terrace) and is preserved along the eastern side
of Crowley’s Ridge south of the Paragould Terrace. The remnant of the Sikeston terrace is
known as Sikeston Ridge in the northern part of the Eastern Lowland (Fig. 14). Sikeston Ridge
formed due to erosion along its western side by the Mississippi River and along the eastern side
by the Ohio River (Rittenour et al., 2007). OSL dating indicates that Sikeston alluvium
deposition occurred between 20 ± 2 and 18 ± 2 ka (Rittenour et al., 2007). Sikeston Terrace
alluvium is buried by 1-2.5 m thick Peoria loess (Blum et al., 2000).
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Fig. 14. Pleistocene terraces in the Upper Mississippi Embayment (from Rittenour et al.,
2007)
Kennett Terrace
The Kennett braid belt is situated in the westernmost part of the Eastern Lowlands and
locally is adjacent to the Crowley’s ridge and the Paragould and Sikeston Terraces (Fig. 14). The
braided Mississippi River formed this terrace, and the OSL age ranges between 16.1 ± 1.2 and
14.4 ± 1.1 ka (Rittenour et al., 2007). Loess was not identified on Kennett or any younger terrace
surfaces (Rittenour et al., 2007).
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Charleston Terrace
The Charleston braid belt (previously known as the Charleston fan for its high slope) is
located east of Sikeston Ridge and the Blodgett Terrace. The Charleston alluvium was derived
from erosion through Thebes Gap and deposited by the Ohio-Mississippi river system. The
optical age is between 14.9 ± 1.2 and 14.1 ± 1.0 ka (Rittenour et al., 2007).
Blodgett Terrace
The Blodgett terrace alluvium is situated between the Sikeston and Charleston terraces
and crosscuts these terraces. The Cache Valley is directly adjacent to the Blodgett terrace.
Discharge by the ancestral Ohio River through the Cache Valley might have played a role in the
formation of this terrace (Rittenour et al., 2007). The OSL age of this terrace alluvium is between
13.6 ± 1.0 and 13.0 ± 0.9 ka (Rittenour et al., 2007)
Morehouse Terrace
The Morehouse river terrace alluvium is on the east side of the Kennett belt and formed during
the final discharge of the Mississippi River through the Bell City-Oran Gap. The present
Mississippi River flows on the east side of this terrace. The OSL age for the Morehouse terrace
alluvium ranges from 12.4 ± 1.0 and 12.1 ± 0.8 ka (Rittenour et al., 2007).
RESEARCH QUESTIONS
My study addresses the following questions –
•

Has the geomorphology of the Eastern Lowlands been modified by Quaternary
tectonics?
Ancillary questions –

•

What are the structural geometrics and amplitudes of deformation?
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•

Are the geomorphic deformations related to known subsurface structures?

HYPOTHESES
Surface deformation due to tectonic activities can be estimated by geomorphic markers.
Geomorphic markers are the geomorphic features which have well-known geometry and provide
a reference frame to measure absolute or relative deformation due to tectonic processes. The
Mississippi and Ohio rivers Pleistocene terraces were chosen to identify and measure the amount
of surface deformation in the Eastern Lowlands. Three hypotheses were formulated to assess
possible surface deformation with respect to the general geometry of the terraces. The
Hypotheses are as follows –
H0
Terraces are not deformed and contour to their expected planar down valley slope.
The terraces generally show gentle concave-upward down-valley sloping if they are
preserved in their original form and not deformed by any tectonic and/or non-tectonic processes.
H1
Terraces deviate from their expected non-tectonically affected geomorphology (concave
upward) due to tectonics
If the terraces are affected by tectonic processes, they will show anomalous, long wavelength surface deformation such as anticlinal bulging or lineaments due to the movement of
underlying faults.
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H2
Terraces deviate from their expected non-tectonically affected geomorphology (concave
upward) due to glacial activities (e.g., erosion by meltwater diversion, loess deposition)
Terraces may show surface deformation due to non-tectonic processes such as erosion
and deposition. The Laurentide ice sheet had a significant influence in shaping the
geomorphology of the Mississippi Embayment. Some surface deformations might be the result
of meltwater erosion or loess deposition.
To test H1 Vs. H2, we used visual inspection of geomorphic features in 1 m LiDAR DEM.
Any anomalous surface deformation found from the topographic profiles was investigated on the
1m LiDAR images of the terraces. LiDAR images with 1m resolution provide excellent accuracy
due to their high precision. When an anomalous surface geometry was found not to be associated
with a visible non-tectonic geomorphic feature, H1 is accepted instead of H2.
METHODOLOGY
Visual inspection and construction of higher-order polynomial surfaces in 1m and 10 m
USGS LiDAR DEM (Digital Elevation Model) was used to test the hypotheses. Besides, LiDAR
imagery was visually inspected in plane view for anomalous features that suggest possible
tectonic origin.
LiDAR technology
LiDAR is an advanced technique of active remote sensing which stands for Light
Detection and Ranging. LiDAR is the combination of three technologies – LASER scanning,
Global Positioning System (GPS), and Inertial Measurement Unit (IMU). A transmitter, a
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receiver and a detector are installed either in an aircraft or a fixed station. LiDAR measures the
distance between the source and the target by illuminating the target points using a pulsed
LASER signal from the source with a sensor. The return time and the LASER signal determines
the distance. The distances of the different topographic points from the source are used to make a
Digital Elevation Model (DEM). The DEM uses the last return of the LASER pulses for the bare
earth representation (GISGeography, 2018).
This study uses 1 and 10 m LiDAR DEMs. United States Geological Survey had
produced and provided the 1m LiDAR dataset. The 10 m LiDAR DEM has been downloaded
from the USGS website.
Visual inspection
A systemic visual inspection of the LiDAR images of the Eastern Lowlands was carried
out to look for highly linear features, abrupt changes in trend and other anomalous geomorphic
features. For example, a small fan-like feature was identified at the western border of the
Sikeston Ridge using the 1 m LiDAR DEM where the Lilbourn uplift is present in the seismic
profile (Van Arsdale et al., 2013).
Polynomial surface construction
The luminescence-dated Pleistocene terraces (Rittenour et al., 2007) and the Tiptonville
dome in the Mississippi River floodplain were cropped out of the 1m and 10 m USGS LIDAR
DEM of the Eastern Lowlands for analysis. The Sikeston, Kennett, and Morehouse terraces were
selected for this study because of their known subsurface tectonic elements. United States
Geological Survey (USGS) provided the data as 10 km × 10 km sized DEMs. They were
mosaiced together, and the Pleistocene terraces were cropped out from that mosaiced map using
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terrace shapefiles in ArcMap. Shapefiles of the terrace boundaries were created from the
Pleistocene terrace map from Rittenour et al. ( 2007). The cropped terrace raster files contain
spatial references as well as the elevation data of the terrace surfaces. The convert tool was used
to convert the raster files to ASCII files in ArcMap. ASCII files were converted in CSV files
using a MATLAB script (developed by Wheaton, 2007) to make the point shapefiles of the
terrace surface. The point shapes were saved into ArcGIS Geodatabase and were used to
construct polynomial surfaces of the terraces in ArcMap to find the general trends and any subtle
deformations of the surfaces. For example, the south end of the Sikeston Ridge is affected by the
Lake County Uplift (Russ, 1982), which can clearly be identified in the DEM of the Sikeston
terrace. The polynomial surfaces of the Sikeston Ridge generally show a gentle north-to-south
trending slope but there is an elongated bulge at the south end of the surface. The third, sixth,
and ninth order polynomial surfaces were chosen to depict the trend surfaces because these
orders represent a uniform increase in complexity through a regular interval. Fig. 15 shows the
flow chart of the process to construct polynomial surfaces from DEMs.

Fig. 15. Flow chart of processes to construct Polynomial surfaces from DEM
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Topographic Profiles
Several topographic profiles of each terrace have been constructed using the 3D analysis
tool to create 3D lines by interpolating heights from the DEM and polynomial surfaces and
making profile graphs of the 3D lines. Topographic profiles from the DEM were used to analyze
the surface topography, and profile graphs from the polynomial surfaces were used to depict the
trend of the terrace surfaces.
Residual Maps
Residual maps of the terraces were constructed by subtracting the third-order polynomial
surface from the DEM, and Root Mean Square Errors (RMSE) were calculated by using the
Raster Calculator, and Focal Statistics tools of the ArcMap. Third-order polynomial surfaces
were chosen because these polynomial surfaces are a better fit than the lower order surfaces.
While broad anomalies, which are the primary concern of this study, are obscured by
complexities of higher-order surfaces.
RESULTS
Sikeston Ridge
Sikeston Ridge is a 3 km long topographic ridge which is 6 m higher than the adjacent
Mississippi River alluvial plain. Sikeston Ridge is an erosional remnant of the Sikeston terrace,
which is thinly covered by the Peoria loess (Blum et al., 2000). The southern part of Sikeston
Ridge is broader than the northern region. The margin of the southern part has crescent-like cuts
due to the erosion by the meander belts of the Mississippi River. The almost straight western
border might suggest structural control.
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Topographic Profiles
Nine topographic profiles were constructed from west to east in the central and southern
part of Sikeston ridge from the 1 m LiDAR DEM to observe the topography and general trend of
the topographic relief (Fig. 16). The third-order polynomial surface appears to be the best fit for
the terrace surface. The sixth and ninth order polynomial surfaces represent an increase in the
complexity of the surface trend due to smaller-scale features, such as fluvial channels.
The lines A-A’ to G-G’ were taken from the central to southern segment of Sikeston
ridge. These lines cross an abandoned braid belt, which is clearly visible in the 1 m LiDAR
DEM. The lines H-H’ and I-I’ were taken from the southernmost part of this ridge. The lines
cross the Des Cyprie slough, which deposited an alluvial fan at the western border of Sikeston
ridge. Vertical exaggeration of these topographic profiles is ~230.
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Fig. 16: A. LiDAR-based topographic elevation map and polynomial surfaces of the southern
and central segment of Sikeston Ridge. West-east lines A-A' through I-I' denote locations of
topographic profiles in following figures. A. DEM B. 3rd order polynomial surface C. 6th order
polynomial surface D. 9th order polynomial surface
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DEM

3rd Order

6th Order

9th Order

Fig. 17. Topographic profiles A-A' (Fig. 16 for location) of the DEM and the 3rd, 6th and 9th order
polynomial surfaces generated from the 1m resolution LiDAR data
The northernmost west-to-east profile A-A’ (Fig. 17) shows a low-relief topography with
two small bulges between 1,000 and 2,500 m, and 4,000 and > 5,000 m. The depressions
between 500 and 1,000 m, and 2,500 and 4,000 m are the surface expression of the abandoned
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braid belt. The bulges might be the natural levee of the infilled braid belt. There is a very small
arch between 2,900 m and 3,250 m in the middle of the braided belt, which might be a point bar.
The third and sixth-order polynomial surfaces capture the general flat topography of the Sikeston
terrace which is ~94 m above sea level (ASL), but the ninth order polynomial surface
accentuates the surface depression in the middle along A-A’ which means the infilled braid belt
is the key geomorphic feature along this line. There is no obvious surface expression of any
underlying tectonic feature.
DEM

3rd Order

6th Order
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9th Order

Fig. 18. Topographic profiles B-B’' (Fig. 15 for location) of the DEM and the 3rd, 6th, and 9th
order polynomial surfaces generated from the 1m resolution LiDAR data
The topographic profile B-B’ (Fig. 18), immediately south of A-A’, is similar to A-A’.
The surface expression of the braid belt is between 1,400 and 3,600 m, and the braid belt shows
slightly undulating topography with a probable point bar between 2,700 and 3,200 m. The third
and sixth-order polynomial surfaces show the general elevation, which is ~93.5 m ASL. The
ninth order polynomial surface exhibits the surface expression of the braid belt with no
conspicuous tectonic feature.
DEM

3rd Order
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6th Order

9th Order

Fig. 19. Topographic profiles C-C’ (Fig. 15 for location) of the DEM and the 3rd, 6th, and 9th
order polynomial surfaces generated from the 1m resolution LiDAR data
The topographic profile along C-C’ (Fig. 19) shows two depressions between 500 and
3,500 m, and 4,200 and 5,300 m. The first one is broader and deeper than the other one and
might represent two different ages for the braid belts. The small bulge like feature between 3,500
and 4,200 m between them might be either a point bar or the natural levee of the later one. The
third and sixth-order polynomial surfaces show the average surface elevation is ~ 93 m ASL, but
the topographic elevation of the east portion is higher than the general trend. The ninth order
polynomial surface only captures the curvature of the surface expression of the braided belt and
no expression of any tectonic structure.
DEM
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Fig. 20. Topographic profiles D-D’ (Fig. 15 for location) of the DEM and the 3rd, 6th, and 9th
order polynomial surfaces generated from the 1m resolution LiDAR data
The topographic profile D-D’ (Fig. 20) is similar to the topographic profile of C-C’, but
the depression between 2,000 and 3,900 m is deeper and asymmetrically concave, and the
eastern portion is higher and mostly flat topography. The third and sixth-order polynomial
surfaces show the average elevation is ~92.5 m ASL, but the east portion of the profile has the
average elevation approximately 93.5 m above the ASL. The ninth order polynomial surface also
captures the curvature of the surface expression of the braided belt and no expression of a
tectonic structure at the surface, but the curvature at the east is higher at ~94 m ASL.
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DEM

3rd Order

6th Order

9th Order

Fig. 21. Topographic profiles E-E' (Fig. 15 for location) of the DEM and the 3rd, 6th, and 9th order
polynomial surfaces generated from the 1m resolution LiDAR data
Along E-E’ (Fig. 21), the topography is low-relief between 100 and 2,400 m and might
represent a part of a channel bar. The surface of the braid belt between 2,500 m and 4,300 m is
gently sloping toward the east. Between 4,300 and > 7000 m, the topography is low-relief and
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higher than the average elevation. The average elevation of the topographic profile is ~92 m ASL
obtained from the third-order polynomial surface. The sixth and the ninth order polynomial
surfaces show upward curvature to the east as well as to the west.
DEM
Burrow pit

3rd Order

6th Order

9th Order

Fig. 22. Topographic profiles F-F' (Fig. 15 for location) of the DEM and the 3rd, 6th, and 9th order
polynomial surfaces generated from the 1m resolution LiDAR data
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The topographic profile F-F’ (Fig. 22) shows a flat profile with a little higher ground at
the east, which is very gently sloping to the east. Between 700 and 5800 m, the profile is
showing braid belt topography with a very irregular surface. The average elevation is ~92 m
ASL, obtained from the third-order polynomial surface. The sixth and ninth order still show an
upward curvature tendency to the west as well as to the east.
DEM

3rd Order

6th Order

9th Order

Fig. 23. Topographic profiles G-G' (Fig. 15 for location) of the DEM and the 3rd, 6th, and 9th
order polynomial surfaces generated from the 1m resolution LiDAR data
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The topographic profile G-G’ (Fig. 23) shows the surface expression of the braid belt
between 1,800 and 6,400 m with a probable channel bar topography between 2,600 and 4,400 m.
The east of the profile shows a high, fold-like feature similar to F-F’. The average elevation
fluctuates from ~91.5 m ASL at the west to ~90.7 m ASL at the east in the third and sixth-order
polynomial surfaces. The curvatures at the west and east have reduced amplitude relative to
previously described profiles in the ninth order polynomial surface.
DEM

3rd Order

6th Order

40

9th Order

Fig. 24. Topographic profiles H-H’ (Fig. 15 for location) of the DEM and the 3rd, 6th, and 9th
order polynomial surfaces generated from the 1m resolution LiDAR data
The topographic profile along H-H’ (Fig. 24) shows a valley at ~2,400 m. The
topography to the east of that valley is mostly low relief with an irregular surface between 3,000
and 6,500 m. Between 6,500 and >7000 m, a depression-like surface expression can be observed,
which is a minor portion of the braid belt. To the west, the elevation is higher than the rest of the
topographic profile. A little stream, Des Cyprie slough, flows to the northwest through the valley
at ~2,400 m. The average elevation is ~91 m ASL, determined from the third-order polynomial
surface. The sixth and ninth order polynomial surfaces acquire an upward curvature at the west
of the topographic profile. There is no visible geomorphic feature, which could be responsible
for this surface feature.
DEM
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3rd Order

6th Order

9th Order

Fig. 25. Topographic profiles I-I' (Fig. 15 for location) of the DEM and the 3rd, 6th, and 9th order
polynomial surfaces generated from the 1m resolution LiDAR data
In the southernmost topographic profile along I-I’ (Fig. 25), the higher ground turns into
a broad, prominent bulge to the west of the valley. On the east, the topography is low relief and
might be the surface of a channel bar. The average elevation along the profile is ~91 m ASL,
determined from the third-order polynomial surface. The sixth and ninth order polynomial
surfaces accentuate the bulge by exhibiting an upward curvature to the west of the topographic
profile.
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The topographic profiles from A-A’ to G-G’ show the abandoned braid belt on Sikeston
ridge with probable point bars and channel bars. The profiles show an elongated feature at the
east of the braid belt, which is too broad to be a natural levee. The topographic profiles H-H’ and
I-I’ show a broad bulge like structure at the west, which could not be correlated with any
geomorphic feature. Under this part of the Sikeston ridge/ terrace, The Reelfoot thrust fault is
inferred to extend to the northwest.
Residual Map
The residual map of the central and southern Sikeston Ridge (Fig. 26) accentuates the
braid belt, channel bars, and point bars. The southeastern part of Sikeston ridge shows the most
surface deformation, and the RMSE value is high at this part.

A

B

Fig. 26. A. Residual map and B. RMSE value of the third-order polynomial surface of the
central and southern Sikeston Ridge
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Tiptonville Dome
The Lake County uplift is the most significant surface deformation of the New Madrid
seismic zone. It contains two major parts – The Tiptonville Dome and Ridgley Ridge (Fig. 7).
The Tiptonville dome is present on the modern floodplain/meander belts of Mississippi river.
The Reelfoot Scarp borders the dome on the east, which is the surface expression of the Reelfoot
thrust fault monocline, and to the west, the dome shows scroll bar topography deposited by the
Mississippi meander belts (Fig. 27 A). The dome has the surface expressions of two arms
(northern arm and southern arm) sculpted by an old, abandoned meander of the Mississippi River
known as the Tiptonville meander (Guccione et al., 2005) (Fig. 27). Two infilled and abandoned
meander belts, the Cronanville meander, and the Lake Isom meander do not have any
topographic signature like the Tiptonville meander in the LiDAR (Guccione et al., 2005).
Topographic Profiles
Three north to south and four west to east topographic profiles were taken over the
Tiptonville dome (Fig. 27 A). The topographic profiles constructed along A-A’, B-B’, and C-C’
go from the Mississippi River to the north, cross the northern arm of the Tiptonville meander (at
E-E’), and continue across the southern arm of the Tiptonville meander at G-G’. The line D-D’
represents the west to east background topographic profile of the northern arm of the Tiptonville
meander. Line E-E’, west to east, represents the axial topography of the northern arm. The line
F-F’ is the background topography between the northern and southern abandoned meanders. GG’ is the west-to-east profile line along the axis of the southern arm of the abandoned meander.
Reelfoot Lake is on the east side of D-D’ through G-G’. The green curve to the east of C-C’ is
the Reelfoot Scarp. Profiles were also constructed through the same lines from the third, sixth,
and ninth order polynomial surfaces. Vertical exaggeration of these topographic profiles is ~165.
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B

C

D

Fig. 27. A LiDAR-based topographic elevation map and polynomial surfaces of the Tiptonville
dome adjacent to Reelfoot Lake on the east. North-south lines A-A' through C-C ' and West-east
lines D-D’ through G-G’ denote locations of topographic profiles in the following figures. TMTiptonville Meander A. DEM B. 3rd order polynomial surface C. 6th order polynomial surface D.
9th order polynomial surface
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DEM

3rd Order

6th Order

9th Order

Fig. 28. Topographic profiles A-A' (Fig. 25 for location) of the DEM and the 3rd, 6th, and 9th
order polynomial surfaces generated from the 1m resolution LiDAR data
Line A-A’ (Fig. 28) shows a slightly arched topography from 0 to 5,000 m. The northern
arm and the southern arm of the abandoned meander show a southerly sloping topography from
5,500 to 6,500 m, and 8,300 to 11,200 m respectively, but the southern arm depression is deeper
than the northern arm depression. The topography between the northern arm and the southern
arm also shows a similar trend of southerly sloping from 6,500 m to 8,300 m. The southernmost
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topography returns to higher ground. The third-order polynomial surface shows a north-to-south
tilting trend with the average elevation ~93 m ASL in the north, decreasing to ~86 m ASL in the
south on the line A-A’. The sixth and the ninth order polynomial surfaces exhibit a downward
curvature because of the topographic depression of the Tiptonville meanders.
DEM

3rd Order

6th Order

9th Order

Fig. 29. Topographic profiles B-B' (Fig. 25 for location) of the DEM and the 3rd, 6th and 9th order
polynomial surfaces generated from the 1m resolution LiDAR data
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The central north-to-south profile along B-B’ (Fig. 29) shows a southward sloping
immediately south of the Mississippi River from 0 to 2,600 m. From 2,600 to 5,800 m, the
topography is very slightly arched. The arch shows a very small V-shaped scroll bar topography
in the middle at ~4000 m. The northern arm topography of the abandoned meander is tilted
towards south between 5,800 m and 7,700 m, but the southern arm shows a high frequency,
arched topography due to the presence of several scroll bars between 8,400 m and 11,800 m. The
south of the southern arm returns to higher ground. The higher topography between the north and
south arms of the Tiptonville meander slopes southerly. The third-order polynomial surface
shows a north-to-south tilting trend with an average elevation of ~94.5 m ASL to the north,
decreasing to ~86 m ASL to the south along B-B’. The sixth and ninth order polynomial
surfaces show a downward curvature analogous to the A-A’ profile in the south.
DEM

3rd Order

48
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9th Order

Fig. 30.Topographic profiles C-C' (Fig. 25 for location) of the DEM and the 3rd, 6th, and 9th order
polynomial surfaces generated from the 1m resolution LiDAR data

The easternmost north-to-south topographic profile along C-C’ (Fig. 30) is similar to the
topographic profile along B-B’. The topography continues showing an overall north-to south tilt
with a slight arch from ~2,400 m to 5,800 m at the north of the northern arm of the abandoned
meander. The southward slope of the southern arm decreases slightly along the profile. The
third-order polynomial surface shows an average elevation of ~95 m ASL in the north,
decreasing to ~87.5 m ASL in the south. The sixth and ninth order polynomial surfaces
accentuate the depression in the south by a downward curvature.
DEM

3rd Order
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6th Order

9th Order

Fig. 31. Topographic profiles D-D' (Fig. 25 for location) of the DEM and the 3rd, 6th, and 9th
order polynomial surfaces generated from the 1m resolution LiDAR data
The east-to-west topographic profile along D-D’ (Fig. 31) represents the topography of
the northernmost part of the Tiptonville Dome. The surface slopes gently to the west. The
easternmost topography shows a very small bulge which might be a small portion of the hanging
wall of the Reelfoot thrust. The third-order polynomial surface shows the average elevation is
~92 m ASL in the east and ~89 ASL in the west. The sixth and the ninth order polynomial shows
an upward curvature to the east.
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9th Order

Fig. 32. Topographic profiles E-E' (Fig. 25 for location) of the DEM and the 3rd, 6th, and 9th order
polynomial surfaces generated from the 1m resolution LiDAR data
The topographic profile E-E’ (Fig. 32) represents the axial topography of the northern
arm of the Tiptonville meander. The bulge in the east is evident between 1,500 and >2,400 m.
The east side of the bulge shows a sharp descent, which is the Reelfoot scarp. The overall
topography shows an east-to-west slope. The average elevation of the profile is ~93 m ASL in
the east and ~89 m ASL in the west obtained from the third-order polynomial. The sixth and the
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ninth order polynomial continues showing the upward curvature in the east.

DEM

3rd Order

6th Order

9th Order

Fig. 33. Topographic profiles F-F' (Fig. 25 for location) of the DEM and the 3rd, 6th, and 9th order
polynomial surfaces generated from the 1m resolution LiDAR data
The topographic profile F-F’ (Fig. 33) represents the topographic profile between the
northern and southern arms of the Tiptonville meander. The line is taken along the axis of the
highland between two arms. There is a valley at 2,900 m, which is a depression between scroll
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bars. The east side of the valley shows a highly irregular surface between 0 and 2,500 m
compared in the west side of the valley between 3,000 and >4,500 m. The west side is the back
part of the Reelfoot scarp which slopes in the west. The east side has arch-shaped topography.
The third-order polynomial surface shows the average elevation is ~90.5 m ASL in the east and
~87.5 m ASL in the west. The sixth and the ninth order polynomials continue to show an upward
curvature in the east. It supports the interpretation that the surface deformation caused by the
Reelfoot thrust impacts the surface trend there.
DEM

3rd Order

6th Order
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9th Order

Fig. 34. Topographic profiles G-G' (Fig. 25 for location) of the DEM and the 3rd, 6th, and 9th
order polynomial surfaces generated from the 1m resolution LiDAR data
The topographic profile G-G’ (Fig. 34) is the axial topographic profile of the southern
arm of the Tiptonville Meanders. There is a depression between 500 m and 3,750 m. The thirdorder polynomial surface shows the average elevation is ~88.5 m ASL in the east and ~85.5 m
ASL in the west. The sixth and the ninth order polynomials show the width of the upward
curvature at the east decreases, and a downward curvature at the western side of the profile is
deeper than the profile F-F’.
Residual Map
The residual map of the Tiptonville dome (Fig. 35) shows scroll bars and meander cuts
with small point bars. The high RMSE values of the residual map indicate surface erosion and
deformation of the initial planar surface of the Tiptonville dome.
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A

Fig. 35. A. Residual map and B. RMSE value of the third-order polynomial surface of the
Tiptonville Dome
The Kennett-Morehouse Terraces
As discussed above, the Kennett terrace is older than the Morehouse terrace. The Kennett
terrace was formed by the ancient braided Mississippi River. The abandoned braid belts with
large channel bars are clearly visible in 1 m LiDAR DEM. The St. Francis Sunken Land (Fig.
36) is present at the southern part of the terrace. The younger Morehouse terrace has a larger area
than the Kennett terrace. The Morehouse was formed by the final discharge of the Mississippi
braided river through the Bell City-Oran Gap. The Morehouse terrace contains the Little River
braided stream surface to the west of the Lake County Uplift (Guccione, 2005). The Bootheel
fault is present in the subsurface of this terrace (Fig. 11).
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Fig. 36. The St. Francis Sunken Land at the boundary of the Kennett-Morehouse terraces
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Topographic profiles
Ten west-east topographic profiles were constructed across the Kennett-Morehouse
terraces from the 10 m LiDAR DEM (Fig. 37). Profile lines were selected that best depict the
topography. Topographic profiles were taken from west to east. Profile A-A’ is the northernmost
line initiating near the boundary between the Kennett and Morehouse (the Malden-Bernie scarp)
terraces. Profile J-J’ is the southernmost profile near terminations of the Kennett and Morehouse
terraces. Profiles G-G’ and H-H’ cross the St. Francis Sunken Lands. Third and sixth-order
polynomial surfaces were created for analysis. The ninth order polynomial surface could not be
produced due to ArcMap program limitations. Vertical exaggeration of these topographic
profiles is ~625.

57

A

B

C

Fig. 37. A. LiDAR-based topographic elevation map and polynomial surfaces of the Kennett and
Morehouse terraces. West-east lines A-A’ through J-J’ denote locations of topographic profiles
in following figures A. DEM B. 3rd order polynomial surface C. 6th order polynomial surface
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DEM

3rd Order

6th Order

Fig. 38. Topographic profiles A-A' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
The topographic profile A-A’ (Fig. 38) shows the boundary between the Kennett (west)
and Morehouse (east) terraces at ~4850 m in the DEM. The scarp between these two terraces is
known as Malden-Bernie scarp (Russ, 1982). The Morehouse terrace shows lower elevation
compared to the Kennett terrace and has an irregular surface. The irregularities might be caused
by the fluvial erosional and depositional processes. The DEM shows that the average elevation
of the Kennett is ~93 m ASL and the average elevation of Morehouse is ~87.5 m ASL. Both the
third order and sixth-order polynomial surfaces show a gradual decrease in the topographic
elevation from Kennett to Morehouse. Geomorphic anomaly is not evident.
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DEM

3rd Order

6th Order

Fig. 39. Topographic profiles B-B' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
The topographic profile B-B’ (Fig. 39) shows the Malden-Bernie scarp at ~7,500 m. The
Kennett and Morehouse terraces show similar topography to A-A’ but, on the easternmost side at
>35,000 m, the topography has a higher elevation. The DEM shows that the average elevation of
the Kennett is ~88 m ASL. The average elevation of Morehouse is ~84 m ASL, which again
sharply increases to ~87 m ASL to the east. The third order and sixth-order polynomial surfaces
show a gradual decrease in the topographic elevation from Kennett to Morehouse, which again
have an upward curvature from 30,000 to >35,000 m due to the sharp increase in the topographic
elevation in the east.
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DEM

3rd Order

6th Order

Fig. 40. Topographic profiles C-C' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
The topographic profile along C-C’ (Fig. 40) shows the Malden-Bernie scarp at ~9,000 m
in the DEM. The Kennett terrace slopes east between 0 m to 2,500 m. From 2,500 to 9,000 m,
the terrace shows slightly arched topography. From the scarp at ~9,000 m to >35,000 m, the
Morehouse terrace shows a trough or depression. The eastern part of the terrace appears to slope
to the west. From the DEM, the average elevation of the Kennett terrace in the west is ~85 m
ASL, and the average elevation of the Morehouse terrace is ~83.5 m ASL, which again increases
to ~86 m ASL in the east. The third-order fit is still similar to B-B’ third-order profile. The sixth
order fit accentuates the depression with a downward curvature at 20,000 m. There is an upward
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curvature between 40,000 and >50,000 m which exhibits higher topography in the east of the
profile.
DEM

3rd Order

6th Order

Fig. 41. Topographic profiles D-D' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
The topographic profile D-D’ (Fig. 41) shows slightly arched topography from the west
From 0 to 17,000 m, then a trough-like depression in the middle from 17,000 m to 35,000 m, and
finally return to a higher relief with a slightly arched surface to the east between 35,000 and
>50,000 m. The Malden-Bernie scarp is not prominent here but might be present at 17,000 m.
From the DEM, the average elevation of the Kennett terrace in the west is ~84 m ASL, and the
average elevation of Morehouse is ~80.5 m ASL which again increases to ~86 m ASL in the
east. The sixth order polynomial surface accentuates the depression with a downward curvature
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at 27,000 m. There is an upward curvature from 40,000 to >50,000 m which exhibits the higher
topography at the east of the profile as in the previous profile.
DEM

3rd Order

6th Order

Fig. 42. Topographic profiles E-E' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
The topographic profile E-E’ (Fig. 42) shows the surfaces of the Kennett and Morehouse
terraces sloping parallel to the west. The Malden-Bernie scarp is identified at 25,000 m but
slightly angled to the west from its vertical position. The average elevation of Kennett is ~78 m
ASL, and the average elevation of the Morehouse varies from ~77 m ASL in the middle to 82 m
ASL in the east obtained from the DEM. The third order profile does not change from the
previous third-order profile. The sixth order polynomial fit shows a slight upward curve on the
Kennett terrace, which might be caused by the angled scarp at the border of the two terraces. The
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downward curvature confirms the presence of the depression and the upward curvature at the
east indicates the higher topography at the east of the Morehouse.

DEM

3rd Order

6th Order

Fig. 43. Topographic profiles F-F' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
The topographic profile F-F’ (Fig. 43) shows that the difference between topographic
elevation of the Kennett and Morehouse terraces is reduced except the Morehouse still shows a
westerly slope on the east side. The irregularities at the surface are caused by several small
streams and fluvial deposits in that area. The Malden-Bernie scarp, present at 27,500 m, is not as
conspicuous here as in the previous profiles. The average elevation of the Kennett is ~74 m ASL,
and the average elevation of the Morehouse varies from ~74 m ASL in the middle to 79 m ASL
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on the east side obtained from the DEM. There are no observable changes in the third-order
topographic profile with respect to previous profiles. The sixth order polynomial surface still
shows a slight upward curve on the surface of the Kennett terrace. The downward curvature is
reduced in amplitude, which means the depth of the depression is also reduced, and the upward
curvature towards the east indicates higher topography towards the east of the Morehouse.
DEM

3rd Order

6th Order

Fig. 44. Topographic profiles G-G' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
The topographic profile G-G’ (Fig. 44) shows that the topographic elevation of the
Kennett terrace is less than that of the Morehouse terrace. There is a very subtle synclinal
topography on the Kennett terrace from 5,000 to 29,000 m. The Malden-Bernie scarp at 32,000
m makes a small step from Kennett terrace to Morehouse terrace, but after 34,500 m the
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Morehouse terrace rises to a higher elevation which continues to slope westerly from 35,000 m
to >50,000 m. The DEM shows that the average elevation of the Kennett terrace is ~70 m ASL
and the average elevation of the Morehouse terrace varies from ~71 m ASL in the middle to ~75
m ASL in the east. The third and the sixth order polynomial surfaces show a gradual decrease in
topographic elevation from the Morehouse terrace to the Kennett terrace.
DEM

3rd Order

6th Order

Fig. 45. Topographic profiles H-H' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
The topographic profile H-H’ (Fig. 45) shows The Kennett terrace becomes narrow and
near-horizontal along this line. The Malden-Bernie scarp is present at 27,000 m. There is a small
scarp on the Kennett terrace at 10,000 m, which is the western boundary of the St. Francis
Sunken land. The Morehouse terrace is much wider compared to the Kennett terrace and slopes
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to the west. From 40,000 to 50,000 m, there is a small depression at the surface of the Morehouse
terrace which again rises to a higher elevation to the east past 50,000 m. The DEM shows that
the average elevation of the Kennett terrace is ~ 67.5 m ASL and the average elevation of the
Morehouse terrace varies from ~ 68 m ASL in the middle to ~72 m ASL to the east. The third
and the sixth order polynomial surfaces continue showing a gradual decrease in topographic
elevation from the Morehouse terrace to the Kennett terrace.
DEM

3rd Order

6th Order

Fig. 46. Topographic profiles I-I' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
The topographic profile I-I’ (Fig. 46) shows the Kennett terrace has low elevation with an
irregular surface to the west. The boundary between the Kennett terrace and the Morehouse
terrace is obscured but might be present between 17,500 and 18,750 m. High relief in the
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topography in between these distances could be due to an abandoned tributary of the St. Francis
River. The Morehouse terrace slopes to the west between 22,500 and > 45,000 m. From the
third-order polynomial surface, the general trend of the topographic elevation of the terraces
shows a gradual decrease from east to west. The sixth-order polynomial surface exhibits a
downward curvature between 5,000 to 15,000 m. The average elevation of the Kennett terrace is
~ 63 m ASL, and the average elevation of the Morehouse terrace varies from ~ 64 m ASL in the
middle to ~70 m ASL towards the east obtained from the DEM.

DEM

3rd Order

6th Order

Fig. 47. Topographic profiles J-J' (Fig. 34 for location) of the DEM and the 3rd, and 6th order
polynomial surfaces generated from the 10 m resolution LiDAR data
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The southernmost topographic profile J-J’ (Fig. 47) is a bit complex. The terraces become
narrow, and the boundary becomes obscure. The topography shows high relief because of an
alluvial fan surface coming down from Crowley’s Ridge between 9,000 m to 9,250 m. There are
some anomalous fluctuations in the topography between 1,800 m to 4,400 m because of three
human-made canals. The general trend exhibits a subtle depression between 1,700 m to 4,400 m
(?). A meandering river can be observed at 11,100 m, and the irregular surface to the east of the
river is due to the presence of scroll bars. The angle of the westerly slope of the Morehouse
terrace is near horizontal. From the third-order polynomial surface, the general trend of the
topographic elevation of the terraces still shows a gradual decrease from east to west. The sixthorder polynomial surface exhibits a downward curvature between 2,000 and 6,000 m, but the
wavelength is lower compared to the previous profile. The average elevation of Kennett terrace
is ~ 62 m ASL, and the average elevation of Morehouse terrace varies from ~63 m ASL in the
middle to ~65 m ASL towards the east.
Residual Map
The residual map of the Kennett-Morehouse terraces (Fig. 48) shows the Malden-Bernie
scarp at the boundary of the terraces. The higher topography on the east of the Morehouse terrace
is observed. The residual map also exhibits fluvial erosional features. The RMSE map shows
high values which indicate the surface of the terraces are heavily eroded of or deformed. On the
contrary, these higher values might have occurred because the 10 m resolution of the LiDAR
DEM is used for this map.
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Fig. 48. A. Residual map and B. RMSE value of the third-order polynomial surface of the
Kennett-Morehouse terraces
DISCUSSION
Surface expression of the Reelfoot Thrust on Sikeston ridge
The topographic profiles and the residual map of the of Sikeston Ridge, constructed from
the LiDAR DEM, display a bulge like feature near the Des Cyprie slough on the Sikeston Ridge
(Fig. 24, Fig. 25, and Fig. 26). The bulge is a broad, gentle flexure in the topographic profile
within the area of the Lake County uplift. Baldwin et al. (2005) argued that the Reelfoot Thrust
fault underlies the Des Cyprie slough near the southern end of Sikeston Ridge. The up-warping
might have been caused by movement on the Reelfoot Thrust fault. Russ, (1982) also identified
a bulge at the southern end of Sikeston Ridge by direct measurement. In his paper, the bulge is a
shallow, broad arch in cross-section, has low relative topographic relief, oriented north-
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northwest, formed during Late Pleistocene to about 6000 years before present, has no known
surface faults but a single dip-slip fault in the subsurface, and has no gravity anomaly correlated
with the topographic component. He constructed an isobase map of 5 ft contour intervals
showing amount and pattern of the deformation of Lake County Uplift which includes the area of
the topographic bulge at the southern end of Sikeston Ridge. He did not clearly define the area of
the bulge in his study, but I assume that it is the same bulge we observe from topographic
profiles. The Polynomial surface maps and topographic profiles from this study clearly depict the
nature and orientation of the bulge.
According to Russ (1982), the bulge is of tectonic origin, and the area received a minor
amount of natural levee deposits. The bulge identified at the southern end of the Sikeston ridge
might be a surface expression of the northern extension of Reelfoot thrust, which may be
associated with Lilbourn uplift (Van Arsdale et al., 2013).
There is also the surface expression of an abandoned braid belt on Sikeston Ridge, which
is visible in the 1m LiDAR surface (Fig. 49). The braid belt, its point bars, and channel bars
appeared as topographic highs and lows several times in the topographic profiles.
There is a small alluvial fan-like feature at the northern end of Des Cyprie slough at the
western border of Sikeston Ridge that overlies the northwest continuation of Reelfoot North fault
known as Lilbourn uplift (Van Arsdale and Cupples, 2013) (Fig. 49). This alluvial fan is densely
covered with vegetation in the satellite image. The topographic profiles do not show any
significant surface deformation on Lilbourn uplift. The origin of the alluvial fan might be when
the southern end of Sikeston Ridge was up-warped due to the subsurface fault movement, the
water coming through the braid belt started flowing north-west instead of south and created the
alluvial fan at the western border of Sikeston Ridge. Conversely, water from a massive flood
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northwestward through Des Cyprie slough might have scoured an outlet on the western side of
the Sikeston Ridge, depositing the alluvial fan.

Fig. 49. The elevation map of the central and southern Sikeston Ridge generated from 1
m resolution LiDAR data
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North-to-South tilting of the Tiptonville dome
The north-to-south topographic profiles of the Tiptonville Dome show surface tilting
from north to south, including the two arms of the Tiptonville Meander (Fig. 50). The trend of
tilts of the two arms are similar to the trend of the tilt of the whole Tiptonville Dome, which
indicates surface deformation due to coseismic folding might have occurred after or
contemporaneously with the meander belt incision. The tilting might have occurred due to the
greater movement of the Reelfoot thrust in the north. The variable topographic relief from north
to south of the Tiptonville Dome also suggests that the dome has been subjected to the
differential upward movement of the Reelfoot thrust. Carlson and Guccione (2010) have shown
topographic and estimated structural relief for profiles across the Reelfoot scarp. The
topographic and structural relief along the scarp both decrease to the south. Their study provides
evidence of both spatial and temporal variability in the amount and rate of the deformation along
the intraplate Reelfoot fault. From paleogeographic reconstruction, it has been shown that the
Isom, Cronanville, and Tiptonville meanders were formed before the Reelfoot scarp began
forming (Guccione et al., 2002). The Tiptonville meanders were being infilled
contemporaneously with the scarp formation and southward tilting. This explains the southerly
sloping topography of the north, and south arms of the Tiptonville meanders in the north-tosouth topographic profiles of the Tiptonville Dome (Fig. 50).
The east-to-west profiles show the topography of the eastern boundary is slightly higher
than the western boundary of the Tiptonville Dome (Fig. 31, Fig. 32, Fig. 33, and Fig. 34). The
eastern boundary of the dome is bounded by the Reelfoot Scarp. This westward slope is
consistent with westward back tilting of the Reelfoot Fault hanging wall. Alternatively, the dome

73

could have been eroded mostly to the west compared to the east by the Mississippi River
meanders.

Fig. 50. Combined north-south topographic profiles along line A-A', B-B', C-C' showing
southerly slope with a similar trend.
Subsidence at the border of the Kennett-Morehouse terraces
The west-to-east topographic profile A-A’ (Fig. 38) shows that the topographic elevation
of the Kennett terrace is higher than the topographic elevation of the Morehouse terrace to the
east. The profile B-B’ (Fig. 39) shows higher ground on the east side of the Morehouse terrace.
This higher ground exhibits a westward inclination. Topographic profiles C-C’ and D-D’ (Fig.
40 and Fig. 41) shows that the width of the elevated and inclined ground of the Morehouse
terrace increases, and the width of the lower elevation of the Morehouse terrace decreases
progressively. The higher topography of the Kennett terrace and the east side of the Morehouse
terrace and the lower topography at the west side of the Morehouse Terrace, make a 4-m deep,
40 km-wide trough-like feature along the lines C-C’, D-D’ and E-E’(Fig. 40, and Fig. 42).
Topographic profiles F-F’ to I-I’ (Fig. 43, and Fig. 46) show that the Kennett surface has a lower
elevation compared to the elevation of the Morehouse surface. This difference in elevation is not
expected because the Kennett terrace is older and should be higher than or be buried by the
Morehouse terrace. The combined third and sixth-order polynomial surface show that the axis of
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the topographic trough shifts east to west from the younger to the older terrace (Fig. 51). This
curved axis is parallel and close to the Bootheel fault (Fig. 51).
Van Arsdale et al. (2014) constructed several west-east cross-sections by analyzing 3374
wells with a minimum spacing of 2 km for the Western and Eastern Lowlands (Fig. 52). From
northernmost and progressive southward cross-sections “E”, “F” and “G” show the subsurface
cross-sections of the Kennett and Morehouse terraces from 0 to 44 km, 9 to 56 km and 9 to 54
km respectively. Cross-section E shows a 15m-deep trough in the base of the alluvium centered
on the eastern Morehouse terrace. Cross-section “F” shows this trough in the base of the
alluvium further westward between the Morehouse terrace and the Kennett terrace. Cross-section
“G” shows the trough in the base of the alluvium moved more to the west to the western margin
of the Kennett terrace. The trend of the base of the alluvium is similar to the trend of the sixth
order polynomial surface of the Kennett-Morehouse terraces if compared to the subsurface crosssections. The general trend of the trough on the surface may be related to subsurface bedrock
structure. This subtle trough is a candidate for a tectonic geomorphic feature because:
1. It crosses Malden-Bernie scarp from one terrace to another;
2. It is not a stream valley;
3. It follows a known fault; and
4. It is present in the subsurface.
This combined surface/subsurface trough suggests the northwest block of the Bootheel fault has
a downthrown component. The structural relief on the trough (15m in the subsurface and 4m at
the surface) suggests progressive deformation through Quaternary. Four meters of subsidence
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since the deposition of the Morehouse terrace circa 12 ka suggests 3 mm/year of vertical
movement.

Fig. 51. The elevation map of the 6th order polynomial surface showing the Bootheel Fault line
and the down-curve axis running parallel through the Kennett-Morehouse terraces
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Fig. 52. The location map of the cross-sections E, F and G and the cross-section profiles along
the Pleistocene terraces in Easter Lowland (Van Arsdale et al., 2014)
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CONCLUSION
The Pleistocene terraces as well as the active floodplain exhibit surface deformation in
the Eastern Lowlands. The surface deformations are subtle in nature and are detected by the
construction of polynomial fits of the terrace surfaces. Some surface deformation coincides with
known subsurface tectonic elements. Other deformation might be related to geomorphic features.
The tectonic bulge at the southern end of the Sikeston Ridge was previously mentioned
(Russ, 1982) but not shown. I observe a bulge in the topographic profiles of the southern
Sikeston Ridge (Fig. 24 and Fig. 25). The bulge is present in the area of the Lake County Uplift.
According to Baldwin et al. (2002), the Reelfoot Thrust Fault is present under the Des Cyprie
Slough. The Des Cyprie Slough delineates the northeastern boundary of the bulge in topographic
profiles. My interpretation is that the northeastern boundary of the bulge is surface manifestation
of the northwestern extension of the Reelfoot fault (Fig. 49).
The north-to-south tilting of the Tiptonville dome in topographic profiles (Fig. 28-Fig.
31) document the greater movement of the Reelfoot Fault to the north. Consistent tilting of the
two arms of the Tiptonville Meander supports the idea of prior or contemporaneous incision of
the dome by the meander belt during fault movement.
A 4-m deep, 40 km-wide trough-like feature near the Kennett-Morehouse terraces runs
parallel to the Bootheel fault (Fig. 51). I interpret the 4-m deep trough in the surface, and the 15m deep trough at the subsurface is the result of the downthrown component of the northwest
block of the Bootheel fault. Four meters of subsidence since the deposition of the Morehouse
terrace circa 12 ka suggests 3 mm/year of vertical movement. The study provides future
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directions to research on the Quaternary deformation in other areas of the Mississippi
Embayment.
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APPENDIX – I: LINEAMENTS

Length: ~4 km

Length: ~5 km

Length: ~41 km

Length: ~15 km
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Length: ~7 km

Length: ~28 km

Length: ~9 km
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APPENDIX – II: ANOMALOUS GEOMORPHIC FEATURES

Area: ~6 sq. km

Area: ~31 sq. km

APPENDIX – III: ABRUPT CHANGES IN TREND

Length: ~26 km

Length: ~29 km
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